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Description 

OUTLET NOZZLE AND A METHOD FOR 
MANUFACTURING AN OUTLET NOZZLE 

Cross Reference to Related Applications 

[0001] This application is a continuation patent application of In- 
ternational Application No. PCT/SE02/00020 filed 9 Jan- 
uary 2002 which was published in English pursuant to Ar- 
ticle 21(2) of the Patent Cooperation Treaty, and which 
claims priority to Swedish Application No. 0100076-9 
filed 11 January 2001 and to United States Provisional Ap- 
plication No. 60/261,045 filed 11 January 2001. Said ap- 
plications are expressly incorporated herein by reference 

in their entireties. 
Background of Invention 

Technical Field 

[0002] The present invention relates to the field of outlet nozzles 
for use in liquid fuel rocket engines. Also, the invention 
relates to a method for manufacturing these nozzles. The 



invention is especially intended for use with respect to 
cooled outlet nozzles for rocket motors driven by liquid 
fuel. 

Background of the Invention 

[0003] During operation, a rocket nozzle is subjected to very 

high stresses, for example in the form of a very high tem- 
perature on its inside (on the order of magnitude of 980 
°F) and a very low temperature on its outside (on the order 
of magnitude of 370 °F). As a result of this high thermal 
load, stringent requirements are placed upon the choice 
of material, design and manufacture of the outlet nozzle. 
At a minimum, the need for effective cooling of the outlet 
nozzle must be considered. 

[0004] Cooling is provided by attaching individual lengths of tub- 
ing on the inside surface of the nozzle. The geometry of 
each tube is such that it must conform to the conical or 
parabolic shape of the nozzle. Additionally, the entire in- 
side surface of the nozzle must be covered to prevent "hot 
spots" which could result in premature failure of the noz- 
zle. Each nozzle typically has a diameter ratio from the aft 
or large outlet end of the nozzle relative to the forward or 
small inlet end of the nozzle ranging from 2:1 to 3:1. 

[0005] According to a previously known method of manufactur- 



ing a cooled outlet nozzle, rectangular tubes of constant 
cross section made from nickel-based steel or stainless 
steel are utilized and arranged parallel with another, and 
are welded together. 
[0006] The tubes are helically wound such that they form an an- 
gle of helix in relation to the longitudinal axis of the noz- 
zle, which angle increases progressively from the inlet end 
of the nozzle to its outlet, thereby forming a bell shaped 
nozzle wall. Rocket engine exhaust flowing along the in- 
side surface of such a nozzle with helically arranged tubes 
results in an angled reaction force that endures a roll mo- 
mentum on the rocket and which must be compensated 
for by some additional means. These additional means of- 
ten lead to increased weight and increased flow resis- 
tance. Having long channels without any increase in cross 
section will also affect the coolant flow resistance nega- 
tively. 
Summary of Invention 

[0007] A n object of the present invention is to provide a nozzle 
and a method for its manufacture that avoids the prob- 
lems described above. This is achieved by means of a 
nozzle that comprises (includes, but is not limited to) at 
least two longitudinally arranged sections with a shift be- 



tween a positive and a negative channel angle in the tran- 
sition from one section to an adjacent section. As a result 
of the invention, it is possible to reduce the roll momen- 
tum created by the helical tube channels. 

[0008] According to an advantageous embodiment of the inven- 
tion, the different angles of the cooling channels in the 
nozzle sections are adapted to quench reaction forces 
originating from exhaust flowing past the channels. In this 
manner, it is possible to avoid the roll momentum. 

[0009] According to another embodiment of the invention, each 
cooling channel extends helically with respect to the lon- 
gitudinal axis of the nozzle. 

[0010] According to one embodiment of the invention, the chan- 
nels in each section have a constant cross section along 
their length. 

[001 1] Alternatively, the cross sectional area of the channels of 
two adjacent nozzle sections may be different. In this em- 
bodiment, the cross sectional area of the nozzle channels 
is preferably larger for a downstream nozzle section than 
for an upstream nozzle section. 

[0012] a method according to the invention includes joining a 
plurality of tubular channels to form a first section of the 
outlet nozzle in which the channels have an angle of helix 



in relation to the longitudinal axis of the nozzle. A plural- 
ity of tubular channels are also joined to form a second 
section of the outlet nozzle in which the channels have 
opposite angles of helix in relation to the longitudinal axis 
of the nozzle. The sections are then joined to form a 
composite outlet nozzle having continuous cooling chan- 
nels. 

Brief Description of Drawings 

[0013] The invention will be further described in the following, in 
a non-limiting way with reference to the accompanying 
drawings in which: 

[0014] pig. 1 is a perspective view showing a nozzle configured 
according to the invention; 

[0015] pig. 2 is a longitudinal, cross-sectional view through a 

joint between two sections, shown in larger scale and be- 
fore welding; and 

[0016] Fig. 3 shows the joint according to Fig. 2, but after weld- 
ing. 

Detailed Description 

[0017] Fig. 1 shows a diagrammatic and somewhat simplified 
side view of an outlet nozzle 10 which is produced ac- 
cording to the present invention. The nozzle is intended 



for use in rocket engines of the type which uses a liquid 
fuel, for example liquid hydrogen. The working of such a 
rocket engine is previously known, per se, and is therefore 
not described in detail. The nozzle 10 is cooled with the 
aid of a cooling medium which is preferably also used as 
fuel in the particular rocket engine. The invention is, how- 
ever, not limited to outlet nozzles of this type, but can 
also be used in engines in which the cooling medium is 
dumped after it has been used for cooling. 
[0018] The outlet nozzle is manufactured with an outer shape 
that is substantially bell-shaped. Thus, the nozzle 10 
forms a body of revolution having an axis of revolution 11 
and a cross section which varies in diameter along said 
axis. 

[0019] The nozzle in Fig. 1 has three longitudinally arranged sec- 
tions 10a, 10b, 10c. It is possible to have a greater num- 
ber or fewer of these sections. 

[0020] The nozzle wall of each section is a structure comprising a 
plurality of mutually adjacent, tubular cooling channels 12 
helically extending substantially in parallel to each other 
from the inlet end of the section to its outlet end. 

[0021] Rectangular tubes of constant cross section made from 
nickel-based steel, stainless steel or other heat resistant 



materials can be used for manufacturing the sections. In 
this process, the tubes are arranged helically, in parallel 
with one another, and are welded together. The angle of 
helix may increase progressively from the inlet end 13 of 
the nozzle section to its outlet end 14 to form a bell- 
shaped nozzle wall. The tubes are welded to each other, 
preferably at the outside, by laser welding. The inside of 
the nozzle is not welded, which means that the gaps may 
open up when the nozzle is operating and the thermal cy- 
cle is reversed. The maximum thermal stress cycle is 
therefore limited. 

[0022] The tubes 12 in adjacent sections are oriented so that 

there is a shift between a positive and a negative channel 
angle in the transition from one section to an adjacent 
section. Thus, the tube channels in two adjacent sections 
have opposite angles of helix in relation to the longitudi- 
nal axis 11 of the nozzle. 

[0023] pig. 2 shows an axial joint of two sections before welding 
that allows for welding from the outside. For this purpose, 
a notch 15 has been made at the radial outside of the 
tube ends of each section. The notches 15 make it possi- 
ble for the laser beam to reach the inner remote parts of 
the tubes for fusing them together. Then it is possible to 



join the sides of the rectangular tubes. Finally, as shown 
in Fig. 3, a ring 16 is applied over the joint and welded 
into place to bridge the gap between the two adjoining 
nozzle sections. 

[0024] The use of two or more sections in the outlet nozzle 

makes it possible to change the cross sectional area of the 
tubes at each axial joint. For example, the radial height of 
the cross section could be increased to provide more flow 
area and to reduce the pressure drop in the cooling chan- 
nels. The restart of the tubes in the transition from one 
section to the next following section increases the flow 
area for the constant tube cross section. Only a small 
number of restarts are needed to reduce the pressure 
drop to be acceptable for closed engine cycles. Distribu- 
tion manifolds are needed at the joints to insure pressure 
and flow distribution. 

[0025] | n the upstream end of the nozzle, it is desirable to keep 
the cross section small to provide the needed heat flux to 
reduce the material temperature. Here, the tube thickness 
could be thinned down while still providing suitable pres- 
sure capacity. Thinner walls lead to lower material tem- 
perature that increases the cyclic life of the nozzle. In the 
downstream end of the nozzle, it is desirable to have a 



large flow area to minimize the pressure drop. The wider 
tubes need thicker material to maintain the pressure ca- 
pacity. This goes hand in hand with needs for a stiff noz- 
zle structure for withstanding the side load, external 
pressure and vibration. 

[0026] The inside of a finished nozzle is provided with small he- 
lical grooves. In the case of unidirectional winding, the 
friction of the flame creates a reaction momentum that 
normally would have to be counteracted with some addi- 
tional means. By shifting the angle of helix in accordance 
with the invention, the roll momentum can be counter- 
acted without resorting to additional means. In the case of 
expander cycle rocket engines, the increased friction leads 
to more heat being transferred to the coolant and that the 
turbo-machinery is supplied with more power. 

[0027] Before welding the tubes together, all the sides of the 

tube are accessible. The side facing the flame and part of 
the tube sides facing adjacent tubes may be coated with 
copper. This will enhance heat transfer from the parts of 
the tube not directly exposed to the rocket flame. This 
leads to a reduced material temperature in the load carry- 
ing structure. 

[0028] The invention is not limited to the above-described em- 



bodiments, but several modifications are possible within 
the scope of the following claims. For example, the join- 
ing of two sections may be performed differently than de- 
scribed. 



